ABSTRACT
INTRODUCTION
The autonomic nervous system (ANS) represents the principal rapidly reacting system that controls heart rate in response to stress. The acute mental stress is a well-known stimulus characterized by a shifted balance of the ANS towards sympathetic predominance associated with vagal withdrawal. Recent studies referred to an importance of the study regarding cardiovascular responses to mental load: the exaggerated, but also lower cardiovascular reactivity and delayed recovery time could predict future cardiovascular complications [1] [2] . The spontaneous short-term oscillations of heart rate -heart rate variability (HRV) -reflect the cardiac autonomic regulation, in particular parasympathetic inputs. However, the heart rate is controlled by a sophisticated control system resulting in the complex oscillations of the heart rate indicating a healthy and adaptive organism. Thus, the reduction of heart rate control network complexity indicates that the heart rate cannot sufficiently adapt to different requirements; thus, the heart is at higher risk of cardiac events [3] [4] [5] . The assessment of heart rate period variability allows the indirect and non-invasive investigation of the short-term cardiovascular regulatory mechanisms. The complexity of the short-term cardiovascular control system is due to complicated shortterm heart period dynamics [6] . The analysis of heart rate variability (HRV) is important for several reasons: evaluation of autonomic nervous system regulation, risk stratification for sudden cardiac death, diabetic neuropathy, pharmaceutical evaluations and psychological disorders. HRV is a result of ANS (autonomic nervous system) regulation of the sinoatrial (SA) node. ANS is divided into parasympathetic and sympathetic branches which influence the heart rate (HR) and HRV [7] [8] . The aim of this study is to present an easy to use HRV analysis software with a wide variety of time-domain and nonlinear analysis options. The said software offers an effective way to detect nonlinear complexities of living dynamical systems, which is one of the most important problems in biomedicine, physics, etc [10] .
METHODS OF HEART RATE VARIABILITY ANALYSIS
The central control element of the autonomic regulation is the sinus node. Its rhythm is usually derived from onsets of P-waves, but due to the difficulty of Pwaves extraction, the intervals between R-peaks are chosen instead of PP intervals. [9] This section describes the HRV methods included in our software. 
Time-domain methods
Time-domain measurements are the simplest parameters to be calculated and they can be applied directly to the series of successive RR interval values. In our software we calculated the following time-domain parameters: SDNN, RMSSD, pNN50, HR and mean HR. The standard deviation of RR intervals (SDNN index) can be calculated for both short-term and long-term variability while the root mean square of successive differences (RMSSD index) can be used for short-term recordings. Parameter NN50 is the number of successive interbeat intervals that differ more than 50 ms. Index pNN50 is the proportion of NN50 divided by total number of RR intervals.
[7]
Methods of non-linear dynamics
Partial processes present in the regulation of ANS can be described reliably by linear methods. However, in view of sinus node activity modulation, HRV cannot be fully described using linear methods. Time and frequency domain parameters are not sufficient in case of investigation of nonlinear complexity of living dynamics [7] [12] . Nonlinear methods implemented in our software are: approximate entropy (ApEn), indeces of symbolic analysis (0V%, 1V%, 2LV%, 2UV%), methods based on time reversibility (Porta index, Guzik index, Ehlers index).
Aproximate entropy (ApEn)
The complexity of HRV can be measured by methods based on entropy. One of the methods is approximate entropy. The computation of ApEn index depends on the embedding dimension L and the tolerance r. The tolerance r is fixed in relation to parameter SDNN. ApEn is expressed as:
where C i (L, r) is the number of points that can be found at distance smaller than r from x L (i) divided by N-L+1, Nnumber of elements in time series [6] .
Methods of symbolic analysis
Symbolic analysis is an emerging approach in signal processing. This approach is based on the conversion of time series to symbol sequence. The symbols are grouped into "words" and the dynamics of "words" are studied instead of original samples [13] . The analysis method is based on:
 the transformation of short HRV series into a sequence of symbols,  the construction of "words",  grouping the "words" into a small number of families,  the evaluation of the rate of "word families".
The "words" families are:
 0V -no variation in "word", all symbols are equal,  1V-one variation in "word", one symbol is different and two symbols are equal,  2LV-all symbols are different, symbols form an ascending or descending ramp,  2UV-all symbols are different, symbols form a valley or peak,
The indices of symbolic analysis 0V%, 1V%, 2LV% and 2UV% evaluate the rates of occurrence of the families.
Methods based on time ireversibility
Time irreversibility analysis investigates the invariance of the statistical properties of a time series after time reversal [14] . This analysis can detect a specific class of nonlinear dynamics -temporal assymetry.
There are several indices proposed to measure the assymetry of a ∆RR series. We used three traditional irreversibility indices in our analysis software. The considered indices are Porta index, Guzik index and Ehlers index.
A. Porta index
Porta evaluates the percentage of negative ∆RR with respect to the total number of ∆RR, which are not equal to zero [14] . [ms]
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ANALYSIS SOFTWARE
The analysis software has been developed using MATLAB ® (The MathWorks, Inc.). It contains all necessary analysis options and also allows the creation of a graphical user interface (GUI).
Our developed application provides a sophisticated array of tools to quickly and accurately analyze heart rate variability.
Input data format
The software supports ASCII text files (*.txt) and input must be beat-to-beat data. In our software we used data measured by microcomputer system DiANS PF8 (Fig. 3) . The software allows analysis of the data directly or to save the data to database for later analysis. We used MySQL open source database which is running on our server. Fig. 3 Microcomputer system for non-invasive examination of the autonomic nervous system DiANS PF8
Graphical user interface
The graphical user interface (GUI) allows:  to insert RR interval series into MySQL database,  to load a data series from database and visualize them in a plot,  to delete a RR interval series from the database,  to choose the required 300 beats from series for analysis,  to calculate the indices of HRV analysis,  to imagine a chosen part of the interval series (300 beats),  to display the names of recordings in a listbox.
Insertion of data series to a database
After left clicking the button "Insert data series", a dialog box (Fig. 4) is opened where the user can choose data series to be inserted into the database. 
Selection and visualisation of data series
After selecting the filename in listbox (name of RR series), the selected RR series are displayed on the upper RR interval axis. Lower RR interval axis shows first 300 samples of the recording (Fig. 5) . The software allows to select any 300 samples for analysis by moving a slider or typing a sample start time in the edit box under the axis. The starting point of selected samples can be set arbitrarily. The selection is visible in the upper axis via two red vertical lines that mark RR interval samples selected for the analysis. Lower axis and vertical lines are automatically updated by moving a slider or changing the sample start time. Name of the selected data series and number of samples are shown in the top part of GUI (Fig. 5) . It is possible to delete data from the database using the "delete" button. A warning message box is show if the selected data series does not exist in database.
Analysis of heart rate variability
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